Abstract
Introduction
Due to extreme financial crisis, school districts in Illinois have been forced to make substantial programmatic and staffing cuts (Bock, 2013) . As a part of this process, districts have had to weigh the academic validity of each program. Agricultural education has held firm its goal of creating successful students and leaders for agriculture, other industries, or for success in further education (Smithers, 2012) . According to the Illinois State Board of Education (ISBE) in 2011, 81% of agriculture programs in Illinois offer academic course credit in the areas of math, science, social sciences, consumer economics, and/or language arts. In the midst of a financial crisis in 1 Illinois, it is more important than ever to be able to assess the academic performance of all programs including agricultural programs.
Though connections of agricultural education and content have been documented, little has been done in the area of researching the level of core academic proficiency associated with agricultural education students. However, agricultural education in the US has a well-documented history of integrating academic content through a strong emphasis in science and core academic content (Enderlin, Petra, & Osborne, 1993; Hearst, 1928; Hillison, 1996 , Stimson & Lathrop, 1942 . According to Myers and Thompson (2009) , "research findings indicate that integration of academics into the agricultural curriculum is an effective way to teach math, science, and reading" (p. 75). Roberts and Ball (2009) stated "Further, as the educational climate oscillated toward a school wide emphasis on core academic knowledge (i.e., math, language, science etc.), agricultural education programs have also adjusted" (p. 88). Even with this curricular integration, agricultural education is defined by a best practice three-component model of instruction that includes a classroom experience, leadership development and FFA organization involvement, and experiencebased activity through a Supervised Agricultural Experience (SAE).
In the wake of the No Child Left Behind legislation, the idea of college and career readiness has emerged as a formidable target for students and academic institutions (U.S. Department of Education, 2010) . A Blueprint for Reform (2010) stated, "We will set a clear goal: every student should graduate from high school ready for college and a career, regardless of their income, race, ethnic or language background, or disability" (p. 3). As college and career readiness begins to emerge as a method of measuring success for programs, schools, and students at the secondary school level, it is of value to measure the effectiveness of agriculture programs through the same lens.
Conceptual Framework
As a measure of college readiness, several studies have shown ACT scores as a valid indicator of early college success as defined by freshmen GPA and first to second year college retention rates (ACT, 2010; ACT 2012; Allen, Robbins, Casillas, & Oh, 2008; Noble & Sawyer, 2002; Robbins, Allen, Casillas, Peterson, & Le, 2006) . ACT scores have proven to be good indicators of success in freshmen level college coursework as related to college readiness benchmarks (Allen & Sconing, 2005) . In a separate study, Radunzel and Nobel (2012) delivered research to indicate that ACT scores are useful in predicting the long-term success of college students, providing "further validity evidence for using them as measures of college readiness" (Radunzel & Nobel, 2012, p. ii.) . The state-testing model in Illinois requires that all juniors in high school complete the ACT exam. This provides an attainable, reliable, and valid measure of college readiness for the population of Illinois juniors and the specific population of agriculture students. The consideration of state-testing, student enrollment in agriculture, and level of involvement by local school-based FFA Chapters led to the conceptual framework for the study. With increasing emphasis on high-stakes testing performance, there may be a tendency to discount the value of performance in agriscience. The American Association for Agricultural Education research priority five (Thoron, Myers, & Barrick, 2016) stated priority questions central to this study through evaluating impacts of school-based agricultural education and by providing evidence-based investigations that indicated contribution to broader educational initiatives. Therefore, it is important to ascertain whether agriscience students are performing as well on standardized tests as other students not enrolling in or having the opportunity to enroll in agriscience which led to the purpose of the study.
Purpose/Objectives
Though much can be said about the progress and achievements of Illinois agricultural education through annual report data and anecdotal experiences associated with students, teachers, and industry leaders, no systematic investigation has been conducted to evaluate the academic validity of agricultural education programs or the academic performance of students served. To begin filling this void three specific student groups: Illinois agriculture junior students from Gold and Silver Emblem FFA chapters; all junior students from Illinois; and junior students from schools with Gold or Silver Emblem FFA chapters.
Method/Procedures
The study used a causal comparative design to identify the relationship between test scores and participating in the traditional three-part agricultural education program. "Some quantitative research designs have the purpose of explaining educational phenomena through the study of causeand-effect relationships" (Gall, Gall & Borg, 2007, p. 306) . In these designs, the cause of the phenomena would be considered the independent variable. The effect of the phenomena would beof individuals whom the independent variable is present or absent or present at several levels-and then determining whether the groups differ on the dependent variable" (Gall, Gall, & Borg, 2007, p. 306 ).
This study examined whether the independent variable of being involved in an agriculture program, maintaining an SAE, and being involved in the National FFA organization consecutively in high school is related to the dependent variable of results on college readiness assessments as measured by the ACT. This led to the following research questions:
1. Is there a difference in ACT composite and subtest scores when Illinois agriculture students from Gold and Silver Emblem FFA chapters are compared with all Illinois students? 2. Is there a difference in ACT composite and subtest scores when Illinois agriculture students from Gold and Silver Emblem FFA chapters are compared with students from the same schools?
Population and Sample
This study examined three groups of students, each representing a slice-in-time sample of the larger populations. The first group (All Students) used for comparison in this study consisted of all juniors who completed the ACT in 2013 in Illinois. The second (Gold and Silver Ag) was those students at the Gold or Silver Emblem FFA chapter schools who participated in agricultural education. The final group (Gold and Silver All) was all juniors tested in 2013 who attended schools that held Gold or Silver FFA chapters. The data were collected through a survey of agriculture instructors at each of the qualifying high schools. Basic demographic factors were collected; however, no identifiable characteristics of students were attained, other than SIS numbers, to ensure complete student anonymity. All data for this study were taken from testing year 2012-2013.
The top agriculture programs in Illinois indicated by Gold or Silver Emblem FFA Chapters, based on program of activity rankings as released by the Illinois FFA organization for the year of 2012-2013 were identified. These schools maintain top FFA programs as judged by the state FFA association each year based on a comprehensive program of activities. Schools that are designated in the top categories of Gold and Silver Emblem chapters have a high likelihood of having students who have completed an SAE and maintained an FFA experience throughout high school (J. Craft, personal communication, March 4, 2013) . As noted in the literature, the SAE experience is becoming increasingly rare; therefore, identifying schools with a high likelihood of this best practice component is a necessity (Cheek, Arrington, Carter, & Randell 1994; Dyer & Osborne, 1996) . In addition, many studies conclude that SAE programs, when implemented, are not implemented in a consistent manner in many agriculture programs (Dyer & Osborne, 1995; Dyer & Williams, 1997; Retallick & Martin, 2005; Steele, 1997) . All schools with Gold and Silver Emblem FFA chapters in Illinois (N=122) were then surveyed for secure Student Identification System (SIS) numbers for twelfth grade students who took Illinois state tests in 2012-2013 as high school juniors (Gold and Silver Ag).
Instrumentation
This study used the college assessment exam developed and scored by the ACT organization. The ACT examination series has been used for decades to predict the college preparedness of high school students (ACT, 2012). The ACT series includes assessments in the areas of science, reading, English, mathematics, and an overall composite score. The widely accepted validity associated with the ACT examination in relation to college readiness provides a solid foundation for comparisons of groups within this study.
The ACT technical manual reports a scale score reliability associated with each portion of the ACT examination series. According to the ACT (ACT, 2007) According to Gall, Gall, and Borg (2007) , validity is defined as "the appropriateness, meaningfulness, and usefulness of specific inferences made from test scores" (pg. 306). Higher education institutions seek methods of assessing college readiness by compiling information related to individual students that includes high school performance, rigor of coursework, and performance scores on standardized tests like the ACT (Clinedinst, Hurley, & Hawkins, 2011) . Colleges, for the purpose of college admissions and course placements, use the ACT series (ACT, 2007) . It is widely accepted that the ACT is a valid predictor of college readiness (ACT, 2010c; ACT 2012c; Allen, Robbins, Casillas, & Oh, 2008; Noble & Sawyer, 2002; Robbins, Allen, Casillas, Peterson, & Le, 2006) . The ACT technical manual provides numerous examples of validity studies and arguments for the purpose of framing the validity of the examination series (ACT, 2007) .
Data Collection and Recording
With the assistance of the office of the Illinois State Board of Education, and Facilitating Coordination in Agricultural Education (FCAE), test score information and basic demographic information were compiled for this study using the SIS numbers provided by the schools in the sample. After initial test scores were received from ISBE, survey material was compiled for agriculture instructors and principals from participating schools. Initially, an electronic contact was made by the principle researcher and by FCAE staff indicating that the study was going to take place, and schools were encouraged to monitor mail and electronic communications as well as to participate in the study.
To collect the data needed to complete this study, an instrument was sent via mail and electronically to every agriculture instructor and principal from each of the 122 schools that were designated 2012-2013 Gold and Silver Emblem FFA chapters. The agriculture instructor in each school was asked to work with school administration and counselors to record SIS numbers for each agricultural education student who met the criteria for the study. Names and identifying information of students were not recorded or shared to protect the anonymity of students related to this study. The SIS numbers were provided electronically from each school to complete a final set of SIS numbers for students from all schools that voluntarily participated in this study. Participants were allowed five weeks to complete the information needed with the study. After two weeks, a reminder e-mail was sent to each school that had not returned the initial survey. A second reminder was sent electronically to schools that had not completed the data set after three weeks. Upon final collection of data from Gold and Silver Emblem FFA schools, the SIS numbers were shared securely through password protected spreadsheets with ISBE. SIS numbers for all agricultural education students from Gold and Silver Emblem FFA chapter schools that took the state-mandated ACT examination as juniors during the 2012-2013 school year were provided to the state board of education. Illinois State Board of Education compiled the test scores per the FOIA request and returned the data without the SIS numbers included, ensuring complete student anonymity. The researcher at no time could determine any identifiable information with any test score or SIS number. After test scores were returned, statistical analysis was conducted for each area of testing associated with the study.
Data Analysis
The average ACT scores for this sample of students were compared to the averages of the overall populations of all Illinois students, and the secondary populations of all juniors from schools that housed Gold and Silver Emblem FFA chapters. The data were analyzed using SPSS. Demographic data collected on the sample of agriculture students were analyzed. A profile of agriculture students was created and compared with the general Illinois (All students) population as well as with all junior students (Gold and Silver All) who attended schools with Gold and Silver Emblem designations. One-sample t-tests were conducted to compare agriculture students' (Gold and Silver Ag) test performance on ACT tests with students from the other two groups of (All Students), and all students from Gold and Silver Emblem FFA chapter schools (Gold and Silver All). The analysis was conducted using the ACT composite score and each of the subtest scores.
Results/Findings
Three distinct groups were part of the analysis in this study. These groups were all tested juniors in Illinois (All Students), Junior agriculture students from Gold and Silver emblem FFA chapters (Gold and Silver Ag), and all Junior students from schools that housed Gold and Silver Emblem FFA chapters (Gold and Silver All). Agriculture students had the lowest percentage of low-income students (15.4%), particularly in comparison to the overall state average of 49.9%. Table 1 lists demographic data on race, Limited English Proficiency (LEP), IEPs, and the number of low-income students as a whole for all Illinois students and students from the Gold and Silver Emblem FFA chapters. Demographics were listed for all students at all grade levels and were interpreted as representative of 11 th grade students in the state. Prior to data analysis, a distribution of scores was created for each ACT test area as well as for the ACT composite score to confirm that the data met the normality assumption for a one-sample t test (Urdan, 2010, p. 31) .
A one-sample t test was used to compare the ACT score composite and subset scores for all groups. A p-value of .05 was used as cutoff for statistical significance (Urdan, 2010) . The results are listed for ACT composite and each subcategory. Both composite scores and subtest scores are important because the composite score is used to determine college entrance or scholarships (ACT, 2012) and the subtest scores provide a picture of students' academic strengths and weaknesses. Table 2 shows 2013 ACT composite and subset scores for the sample of agriculture students. The ACT scores for these students indicates a mean score of 20.6 in reading, a mean score of 20.7 in math, a mean score of 20.5 in science, a 19.4 mean in English, and a composite mean score of 20.3 overall. These scores were then compared to the state averages for all juniors (see Table 3 ) using one-sample t-test for ACT composite test and each subtest (see Table 4 ). Table 3 indicates 2013 ACT composite and subset scores for all junior students in Illinois. The ACT scores for these students indicate a mean of 20.2 in reading, a mean score of 20.4 in math, a mean score of 20.0 in science, a mean of 19.4 in English, and a composite mean score of 20.1. As noted in Table 4 , the results of the one-sample t test identified no difference between the groups for each of the subtest sections except for science. The analysis in ACT Science produced a significant t value (t (526) = 2.15, p =.032). There is a significant difference in ACT Science test scores when comparing the gold and silver agriculture students to all Illinois students. An analysis of means revealed that the sample (M = 20.48) had higher Science ACT scores than all Illinois students (M = 20.01). Cohen's d suggests the effect size is small. Table 5 provides the ACT composite and subset results for all juniors from schools that held Gold and Silver Emblem FFA chapters (Gold and Silver All). The ACT scores for these students indicates a mean score of 20.8 in reading, a mean score of 20.5 in math, a mean score of 20.4 in science, a 19.9 mean in English, and a composite mean score of 20.4 overall. Table 6 lists the results of a one-sample t test comparing agriculture students from Gold and Silver Emblem FFA Chapters and junior students from the same schools. In each of the comparisons, there was no statistical difference between the agriculture student sample and the FFA student chapter students. Subgroup analysis was carried out because the sample and the comparison groups differ in student demographics. ISBE provided the State of Illinois assessment information as averages without the ability to delineate between various groups involving gender or socioeconomic status. This did not allow additional comparisons to be made between the sample and overall state subgroups. Demographics of the agricultural student sample data were similar to the FFA chapter schools, differing more in gender and low-income. Since the data associated with the agricultural student sample and all junior students from Gold and Silver Emblem schools could be analyzed into subgroups, comparisons were made on gender and low-income between agricultural student sample (Gold and Silver Ag) and all students from the same schools (Gold and Silver All) data. Other factors or subgroups were not analyzed due to lack of adequate sample size. Table 7 indicates comparison of (Gold and Silver Ag) to (Gold and Silver All) students on the basis of sex. Female ACT results. The analysis of ACT reading and English scores for females produced a non-significant t value. The analysis in ACT math for females produced a significant t value (t (208) = 2.66, p = .01, d = .18) and in science (t (208) = 2.59, p = .01, d = .18). In addition, the ACT Composite Scores for females produced a significant t value (t(208) = 2.03, p = .04, d = .14). These results show that female agriculture students outperform all females from the same schools in the areas of math and science. Cohen's d suggests that differences between groups are small.
Males ACT results.
Each area of the analysis for males indicated non-significant t values and thus no significant difference between gold and silver agriculture and gold and silver nonagriculture students were found. Table 8 separates agriculture students into low and non-low-income categories and then compares their respective ACT Composite and subtest scores to the student scores from all FFA chapter students. ACT low-income. The analysis in all areas of the ACT produced non-significant t values, suggesting that low-income students from the group performed similarly to those from the FFA chapters.
ACT non-low-income. The analysis of non-low-income students produced a nonsignificant t value (t(445) = -1.36, p =.18) in the area of math indicating no significant difference in math scores when the sample is compared to all students from the same schools. However, the results indicated significant t values in the areas of reading, science, English, and the ACT composite test scores. Gold and Silver all students tended to score high than the sample of Agriculture students (Gold and Silver Ag) from the same schools.
Conclusions & Discussion
Based on the results of the study, four conclusions are posited.
Conclusion One: Agriculture students are as college-ready as their peers. The results indicate that agricultural education students performed similarly to their peers in the area of college preparedness as measured by performance on the ACT assessment in all areas, with the exception of science. Agricultural education students performed significantly better than their peers when compared to all juniors in Illinois who took the ACT science assessment. Agricultural education has taken pride in its integration of core curriculum areas, including English, math, and sciencefunctionality of the best practice three-component model of agricultural education delivery. The outcome is a quantifiable analysis of the level of success that agricultural education is attaining toward college readiness for students.
Finally, as communities, school boards, and school administrators seek to determine programming for schools that meet the college and career readiness needs of their students, agricultural education should be considered a viable component in academic and workplace preparation. This research serves to promote the academic successes documented toward agricultural education providing increased college and workplace readiness, especially in the areas of mathematics and science. The academic validity of agricultural education programming has been supported by empirical evidence.
Recommendations for Further Research
Suggestions for further research related to this study include the need for the study to be expanded or replicated over multiple years. This study provided only a one-year slice-in-time comparison of students. A multiple-year analysis would help to validate the results attained. In addition, replicating the study in other states would be of benefit to determine if the results differ from state to state. Also, there are many concerns with collecting student data to ensure complete anonymity for students and confidential data. This study provided test score comparisons, but failed to provide any other information about the students in the sample other than their significant involvement in agriculture programs and basic demographics due to the priority of not collecting any identifiable information. If a researcher could find a way to glean more information about the students in the sample, such as grade point average, class rank, and other course selections, it might serve to provide an even clearer picture of the students and potential outcomes. Also, although every effort was made to have agriculture teachers and principals respond to the survey request in this study, the voluntary nature of the research allowed for several schools to be left out of the study. Though the respondents allowed for a clear set of data and results to emerge, a larger number of students and schools should be identified to increase sample size, if possible. Finally, it is recommended that other career and technical education areas replicate the study to determine if similar results emerge across career and technical education content areas.
